Abstract: Alterations in the levels of intestinal microbiota, endotoxemia, and inflammation are novel areas of interest in the pathogenesis of hepatic encephalopathy (HE). Probiotics and symbiotics are a promising treatment option for HE due to possible beneficial effects in modulating gut microflora and might be better tolerated and more cost-effective than the traditional treatment with lactulose, rifaximin or L-ornithine-L-aspartate. A systematic search of the electronic databases PubMed, ISI Web of Science, EMBASE, and Cochrane Library was conducted for randomized controlled clinical trials in adult patients with cirrhosis, evaluating the effect of probiotics and symbiotics in changes on intestinal microflora, reduction of endotoxemia, inflammation, and ammonia, reversal of minimal hepatic encephalopathy (MHE), prevention of overt hepatic encephalopathy (OHE), and improvement of quality of life. Nineteen trials met the inclusion criteria. Probiotics and symbiotics increased beneficial microflora and decreased pathogenic bacteria and endotoxemia compared with placebo/no treatment, but no effect was observed on inflammation. Probiotics significantly reversed MHE [risk ratio, 1.53; 95% confidence interval (CI): 1.14, 2.05; P = 0.005] and reduced OHE development (risk ratio, 0.62; 95% CI: 0.48, 0.80; P = 0.0002) compared with placebo/no treatment. Symbiotics significantly decreased ammonia levels compared with placebo (15.24; 95% CI: À 26.01, À 4.47; P = 0.006). Probiotics did not show any additional benefit on reversal of MHE and prevention of OHE development when compared with lactulose, rifaximin, and L-ornithine-Laspartate. Only 5 trials considered tolerance with minimal side effects reported. Although further research is warranted, probiotics and symbiotics should be considered as an alternative therapy for the treatment and management of HE given the results reported in this systematic review.
H epatic cirrhosis is a global public health problem, with a continuing increase in its prevalence, incidence, hospitalizations, and mortality rate. [1] [2] [3] In addition, cirrhosis presents an economic burden with estimated cost to the United States health care system ranging from $14 million to $2 billion per year. 4 Hepatic encephalopathy (HE) is a serious and progressive neuropsychiatric abnormality in cirrhotic patients that significantly affects their quality of life and daily functioning. HE is split into overt hepatic encephalopathy (OHE), the severe form ranked in 4 different grades according to the West Haven criteria, 5 and minimal HE (MHE), the earliest or subclinical form, which can be a marker of the development of OHE. [6] [7] [8] The pathogenesis of HE is only partly understood. It has been suggested that ammonia production plays a main role; nevertheless, alterations in the levels of gut microflora [eg, small intestinal bacterial overgrowth (SIBO)], which lead to endotoxemia (ie, increase in serum indoles, oxindoles, and other endotoxins) and eventually to systemic inflammation, are novel risk factors for the development of HE. 9 Lactulose, a nonabsorbable disaccharide and a prebiotic, is currently used as a first-line agent for the treatment of HE. A standard oral dosage of 30 to 60 mL/d in 2 divided doses of lactulose has been shown to be effective in improving quality of life and cognitive functions in cirrhotic patients 10 and in reducing the prevalence of MHE. 11 Nevertheless, patient adherence to lactulose is poor because of its common adverse effects, mainly diarrhea, bloating, and flatulence. 12 Other potential options that could be considered for the treatment of HE are the use of the antibiotic rifaximin and L-ornithine-L-aspartate (LOLA). Oral rifaximin, especially in combination with lactulose, has been shown to reduce the recurrence of HE episodes and increase quality of life; however, it is costly and there remains a lack of evidence supporting its use as a monotherapy for preventing recurrence of HE. 13, 14 The administration of LOLA has shown positive effects in reducing ammonia levels 15 but further high-quality studies are needed to assess its efficacy, tolerance, and cost-effectiveness.
Probiotics (eg, Lactobacillus, Bifidobacterium, and Streptococcus) are live beneficial bacteria which, when ingested, may confer a health benefit on the host. 9 Prebiotics (eg, lactulose and fructooligosaccharides, mainly inulin) are "nondigestible food ingredients that beneficially affect the host by selectively stimulating the growth and/or activity of one or a limited number of beneficial bacteria in the colon, and thus improve host health". 16 Symbiotics are the combination of prebiotics and probiotics. It has been suggested that prebiotics, probiotics, and symbiotics could be a potential therapy for HE because of their beneficial effects on modifying the gut microflora. 10 Previous systematic reviews and meta-analyses have been conducted regarding the effect of probiotics 17 and/or symbiotics [18] [19] [20] versus placebo, no therapy and/or lactulose mainly on the improvement of HE and ammonia levels.
More recent meta-analyses have concluded that probiotics and symbiotics appear to improve not only HE and ammonia levels but also quality of life, hospitalization rates, and mortality. 21, 22 However, there have not yet been any publications reporting the effect of probiotics and symbiotics in cirrhotic patients on other novel risk factors for HE such as increase on beneficial bacteria and decrease of SIBO, inflammation, and endotoxemia and in comparison with other therapies such as rifaximin and LOLA. Therefore, the present systematic review aims to assess the effect of probiotics and/or symbiotics versus placebo, no therapy, lactulose, rifaximin, and/or LOLA in changes on intestinal microflora, and reduction of endotoxemia and inflammation as primary outcomes, as well as their effect on the reversal of MHE and the development of OHE, the impact on quality of life and the reduction of total ammonia as secondary outcomes.
MATERIALS AND METHODS

Literature Search
This systematic review was conducted according to the preferred reporting items for systematic reviews and metaanalyses (PRISMA) guidelines. 23 
Search Strategy
The databases PubMed, ISI Web of Science, EMBASE, and Cochrane Library were used for the searching of the literature relating to the effect of probiotics and symbiotics on HE in patients with cirrhosis. The search strategy included the following mix of keywords: "symbiotic" and "hepatic cirrhosis," "symbiotic" and "hepatic encephalopathy," "synbiotic" and "hepatic cirrhosis," "synbiotic" and "hepatic encephalopathy," "probiotic" and "hepatic cirrhosis," and "probiotic" and "hepatic encephalopathy." These terms were searched in titles and/or abstracts; when the abstract was not available, there was a revision of the full article.
Studies Selection
The criteria used to identify articles for inclusion in this systematic review were the following: 
Data Extraction
Data regarding the following aspects were extracted: author and year of publication, characteristics of the population of study, sample size, duration of intervention, characteristics of the study groups (description of the intervention), attrition rates, and outcomes related with the effect of probiotics and/or symbiotics in changes on intestinal microflora, reduction of endotoxemia and inflammation, reversal of MHE, development of OHE, decrease of serum concentration of total ammonia, and improvement of quality of life.
Quality Assessment
All of the RCTs included were assessed for risk of bias according to The Cochrane Collaboration's tool for assessing risk of bias 24 using the following domains: sequence generation, allocation concealment, blinding of participants, personnel and outcome assessors, incomplete outcome data, selective outcome reporting, and other potential threats to validity (eg, stopped early due to some data-dependent process or had extreme baseline imbalance). To classify the included trials as low, moderate, or high risk of bias, a score based on the domains of The Cochrane Collaboration's tool was used: 1 point was given to each "low-risk" category, 2 points to each "uncertain" category, and 3 points to each "high-risk" category. After summing the points of all 6 domains, trials were classified as low risk of bias if they had a score of 6 to 7, moderate risk of bias with a score of 8 to 9, and trials scoring Z10 were considered at high risk of bias. The quality of a body of evidence was also assessed by using the grading of recommendations assessment, development and evaluation (GRADE) system. The quality of the evidence was based on the extent of risk of bias, inconsistency, indirectness, imprecision, and publication bias that existed for the evidence supporting the intervention. The quality of evidence was described as high, moderate, low, and very low. 25, 26 
Statistical Analysis
The meta-analysis was performed using the Review Manager software (version 5.3.5, Cochrane Informatics & Knowledge Management Department, http://tech. cochrane.org/revman/download). Reversal of MHE and development of OHE were analyzed using estimation of risk ratio (RR) with 95% confidence interval (CI). The results were pooled using the Mantel-Haenszel randomeffects model. Reduction of ammonia and inflammation were analyzed using weighted mean differences (WMD) with 95% CI and results were compared through the use of an inverse variance random-effects model. Statistical heterogeneity was evaluated with X 2 and I 2 statistics, where X 2 assesses whether observed differences in results are compatible with chance alone, whereas I 2 provides an estimate of the amount of variance across studies resulting from heterogeneity rather than chance. Substantial heterogeneity was defined as >50%. 27 A P < 0.05 was considered to be significant.
RESULTS
Literature Search
The selection process for the articles is shown in Figure 1 . A total of 376 articles were automatically identified by applying the search keywords. Of these, 357 were excluded for not meeting the inclusion criteria: 20 articles were published in languages other than English; 300 articles were not reporting on RCTs; 27 articles were of studies conducted with participants who did not have hepatic cirrhosis; and 10 articles reported on outcomes that were not relevant to the aim of the present systematic review (eg, hepatic and systemic hemodynamic alterations, hepatic venous pressure gradient, portal pressure, spontaneous bacterial peritonitis, liver function recovery, and neutrophil function). A total of 19 RCTs were included in this systematic review. 12, [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] Characteristics of the Trials and Participants 43 and 1 looked at probiotics versus lactulose and LOLA. 39 The characteristics of the RCTs included in this systematic review are presented in Table 1 . The 19 eligible trials included a total number of 1668 participants and consisted of 7 trials in patients with cirrhosis, [28] [29] [30] 33, 34, 36, 40 11 trials in patients with cirrhosis and MHE 12, 31, 32, 35, 37, 39, [41] [42] [43] [44] [45] and 1 trial in patients with cirrhosis, OHE (grades I and II), and hyperammonemia. 38 All of the trials included patients with a stable stage of cirrhosis as specified by their exclusion criteria [history or presence of gastrointestinal bleeding, infections, renal, heart and/or respiratory failure, electrolyte disturbances, hepatocellular carcinoma, neurological diseases (Alzheimer and/or Parkinson), spontaneous bacterial peritonitis, and inflammatory diseases]. Males formed the predominant patient population in all of the trials (n = 1234; 73.9%) except in 2 that did not mention the gender distribution. 31, 40 Quality Assessment Table 2 shows the risk of bias assessment of the included RCTs. According to The Cochrane Collaboration's tool results, 4 trials scored 6 to 7 points and were Group A (n = 10): rifaximin 400 mg tid for 2 wk; group B (n = 10): probiotic SCM-III (L. acidophilus, Lactobacillus helveticus, and Bifidobacterium) 10 ml tid for 2 wk; group C (n = 10): rifaximin 400 mg tid for 1 wk followed by SCM-III 10 ml tid for 5 wk (20) considered as low risk of bias, 30,31,33,37 3 trials were classified as having moderate risk of bias because they scored 8 points, 12, 32, 36 and 12 trials scored Z10 points and were considered at high risk of bias. 28, 29, 34, 35, [38] [39] [40] [41] [42] [43] [44] [45] The GRADE assessment of the quality of a body of evidence is displayed in Table 3 . The quality of evidence regarding the effect of probiotics versus placebo on the development of OHE was considered moderate and the quality of the evidence for the reversal of MHE when the interventions were probiotics versus placebo or lactulose was assessed as being very low.
The evidence was considered as being low quality for the reduction of inflammation (probiotics vs. placebo), the reversal of MHE (probiotics vs. LOLA) and the development of OHE (probiotics vs. lactulose). The evidence for the reduction of ammonia levels was considered very low quality when the interventions were probiotics versus placebo and symbiotics versus lactulose; low quality for probiotics versus lactulose; and moderate quality when the intervention was symbiotics versus placebo.
Primary Outcomes
It was not possible to conduct a meta-analysis on the reduction of endotoxemia and changes on intestinal microflora due to the clinical heterogeneity on the reporting outcomes.
Changes on Intestinal Microflora
Four trials 28, 31, 35, 45 reported a statistically significant increase of the beneficial bacteria such as Lactobacillus and Bifidobacterium and 5 trials 28, 31, 35, 36, 45 reported a significant decrease of SIBO when probiotics, symbiotics, and lactulose were compared with placebo/no treatment. According to the trial of Ziada et al, 45 no significant differences were observed on the gut microbiota when probiotics and lactulose were compared; however, probiotics significantly decreased the total count of pathogenic bacteria (eg, Bacteroides and Clostridium) when compared with rifaximin. 29 
Reduction of Inflammation
Three trials evaluated the effect of probiotics on inflammation. The pooled result showed that probiotics did not demonstrate any significant effect on the reduction of tumor necrosis factor-a (RR, À 1.32; 95% CI: À 3.56, 0.93; P = 0.25) or interleukin-6 (RR, 2.15; 95% CI: À0.20, 4.50; P = 0.07) in comparison with placebo/no treatment (Fig. 5) . [31] [32] [33] 
Reduction of Endotoxemia
In 3 of the 19 trials included in this review, 31,33,35 a significant decrease of endotoxemia was observed when either probiotics or symbiotics were used as the intervention compared with placebo/no treatment. Figures 2 and 3 display the results of the meta-analysis on the improvement of MHE and the prevention of OHE, respectively. Six of 9 trials 31, 35, 36, 39, 43, 45 showed a significant reversal of MHE when probiotics were used as the intervention compared with placebo/no treatment (RR, 1.53; 95% CI: 1.14, 2.05; P = 0.005); however, the 9 trials 31, 33, 35, 36, 39, 40, 42, 43, 45 evaluating the effect of probiotics versus placebo on the reversal of MHE had substantial and significant statistical heterogeneity (I 2 = 59%; P = 0.01). Probiotics showed no significant improvement of MHE in comparison with lactulose (RR, 0.92; 95% CI: 0.72, 1.18; P = 0.52) 39, 42, 43, 45 or LOLA (RR, 0.87; 95% CI: 0.57, 1.32; P = 0.50). 39, 43 Only 1 trial 43 reported a significant difference when probiotics were compared with rifaximin in reversing MHE.
Secondary Outcomes
Reversal of MHE and Development of OHE
Probiotics significantly reduced OHE development (RR, 0.62; 95% CI: 0.48, 0.80; P = 0.0002) compared with placebo/no treatment. 33, 34, 36, 39, 42, 46 In comparison with lactulose, probiotics had no significant effect on the prevention of OHE (RR, 1.25; 95% CI: 0.82, 1.89; P = 0.30). 16, 33, 42, 46 Reduction of Ammonia Levels Figure 4 shows the results of the meta-analysis on the reduction of ammonia levels. Seven trials evaluated the effect of probiotics on ammonia levels compared with placebo/no treatment 30, 31, 33, 36, 39, 40, 45 ; 2 assessed the effect of symbiotics versus placebo 35, 37 ; 4 compared the effect of probiotics and lactulose 12, 30, 42, 45 ; and 2 evaluated the effect of symbiotics versus lactulose. 38, 42 Probiotics and symbiotics had no significant effect on ammonia levels when compared with placebo (WMD, À6.16; 95% CI: À15.57, 
Improvement of Quality of Life
In 1 trial, 33 probiotics were shown to significantly improve the physical function and role physical domains and the physical component of the SF-36 quality of life questionnaire when compared with placebo. In addition, probiotics, lactulose, and LOLA significantly improved health-related quality of life versus no treatment, but no differences were observed between the 3 groups. 39 
Probiotics Versus Rifaximin: Effects on Ammonia and Endotoxin Levels
In 1 pilot trial, 34 30 patients with cirrhosis were allocated by simple randomization to 3 groups: group A (rifaximin for 2 wk; n = 10), group B (probiotics for 2 wk; n = 10) and group C (rifaximin for 1 wk followed by probiotics for 5 wk; n = 10). Endotoxin and ammonia levels significantly decreased in groups A and B during the 2-week period treatment. After the suspension of treatment, endotoxin and ammonia levels showed a gradual increase in 
As all of the included studies were randomized controlled clinical trials, initial score was + 4. GRADE indicates grading of recommendations assessment, development and evaluation; LOLA, L-ornithine-L-aspartate; MHE, minimal hepatic encephalopathy; OHE, overt hepatic encephalopathy. groups A and B, but this increase occurred earlier in group A for endotoxin levels. Group C experienced the most significant long-standing normalization of endotoxin and ammonia levels.
DISCUSSION
The results of the present review suggest that therapy with probiotics and symbiotics significantly decreases endotoxemia and changes the alterations of intestinal microflora by increasing the counts of beneficial bacteria and decreasing SIBO compared with placebo/no treatment. This review also showed that probiotics were as good as lactulose in changing the gut microbiota (ie, increase on beneficial bacteria and decrease of SIBO), reversing MHE, preventing the development of OHE and reducing ammonia levels. When meta-analyses were able to be performed, it was reported that probiotics reverse MHE and prevent the development of OHE in comparison with placebo/no treatment. In addition, symbiotics significantly reduced ammonia levels compared with placebo/no treatment.
The intestinal overgrowth of pathogenic bacteria (ie, SIBO) increases the production and absorption of ammonia and endotoxins, which interact with Toll-like receptors leading to the activation of immune response and systemic inflammation. 9 High-serum concentrations of proinflammatory cytokines exacerbate the cerebral effect of ammonia, 46 which synergistically produce cognitive impairment and worsen the symptoms of HE. This interrelated process has been proposed as the possible leading culprit in the development of HE. 9 Probiotics and symbiotics have the beneficial effect of modulating the intestinal microflora through substrate deprivation for potentially pathogenic bacteria, have the ability to increase fecal ammonia nitrogen and pathogenic bacteria excretion and are consequently a potential therapy for HE. 9, 16 In this systematic review, probiotics failed to demonstrate a beneficial effect on ammonia levels, which is in agreement with findings of previous systematic reviews 17, 20 ; conversely, symbiotics did reduce ammonia levels. Nevertheless, both bodies of evidence (ie, effect of probiotics or symbiotics on ammonia) showed statistical heterogeneity in effect sizes making it difficult to draw meaningful conclusions about the benefits of probiotics and symbiotics on ammonia levels. Even though probiotics have been shown to improve the intestinal permeability, 47 decrease the absorption of endotoxins 35 and, therefore, reduce local and systemic inflammation, 32 findings of the present meta-analysis showed that probiotics have no significant effect on the reduction of proinflammatory cytokines such as tumor necrosis factor-a and interleukin-6 compared with placebo/no treatment; this might be attributed to the small sample sizes of the included trials in the meta-analysis, which were underpowered to detect statistically significant differences. The significant reduction of SIBO and endotoxemia using either probiotics or symbiotics reported by 6 trials in the present systematic review 28, 31, 33, 35, 36, 45 might partially explain the positive effects observed on the reversal of MHE and the prevention of the development of OHE.
Lactulose has for many years been considered the mainstay treatment for HE. It is effective in decreasing ammonia synthesis and absorption in the gut by acidifying the colonic lumen. This is as a result of the production of organic acids by bacterial fermentation (prebiotic effect), which increases fecal weight and shortens gastrointestinal transit time, 10 and also modulates the gut microflora by reducing pathogenic bacteria such as Clostridium and increasing acid-producing bacteria such as Bifidobacterium and Lactobacillus. 48 However long-term adherence to treatment with lactulose is very difficult to achieve because of its common side effects. In this systematic review, 24.4% of the patients included in the lactulose groups experienced diarrhea, bloating, flatulence, nausea, unpleasant taste, abdominal pain, and cramping, 12, 30, 38, 44, 45 whereas only few patients included in the probiotics groups (6.8%) experienced mild bloating. 12, 30, 44 Probiotics had fewer side effects than lactulose which might improve patient's compliance; however, there is still need of further research to confirm this.
The administration of LOLA in cirrhotic patients for the treatment of HE has been considered due to its efficacy in reducing ammonia levels. 15, 49 Eight RCTs have demonstrated that LOLA improves both MHE and OHE by decreasing serum ammonia concentrations compared with the placebo/control groups. 49 However, later increases in ammonia levels appear to occur once treatment with LOLA is discontinued. 10 Few studies have compared the benefits of LOLA against other therapies for HE such as lactulose 50 and probiotics. 39, 43 In the present systematic review, probiotics showed similar efficacy as LOLA in reversing MHE, but this should be interpreted with caution due to the small sample sizes, short length of treatment, and low quality of the included trials. 39, 43 Consequently, future high quality and larger studies are needed to evaluate the efficacy of both probiotics and LOLA in improving HE.
Rifaximin, a broad-spectrum antibiotic that acts against pathogenic ammonia-producing enteric bacteria, is the first antibiotic to be licensed as maintenance treatment for HE and has been proven to be safe, well-tolerated, and effective in reducing the recurrence of OHE and HE-related hospitalizations. 51 Nevertheless, long-term treatment with rifaximin is markedly expensive [eg, 550 mg twice daily per year ($5250)] in comparison with other therapies used in clinical practice [eg, 1-year treatment with lactulose (30 to 60 mL/d) is $236 and with LOLA (500 mg/d) is $490] and probiotics (eg, 1-year treatment with probiotic VSL#3 is $900). In the reviewed trials, probiotics had a statistically significant effect on the reduction of pathogenic bacteria (ie, SIBO) in comparison with rifaximin, 29 but no significant differences regarding the reversal of MHE 43 and reduction of ammonia and endotoxin levels 34 were observed. Thus, further studies with longer follow-ups and bigger sample sizes are needed to evaluate and confirm the efficacy and cost-effectiveness of probiotics compared with rifaximin in the treatment of HE.
The optimal dose [colony forming units (CFU)], the method of delivery and the different probiotic species (use a single or a combination of probiotics) are the main topics regarding the use and effectiveness of probiotics that remain inconclusive. It is currently very difficult to interpret data from clinical trials using probiotics as the intervention, not only for the treatment of HE but also for other gastrointestinal diseases. The optimal number of CFU to claim a beneficial effect of probiotics is not yet known. Most of the clinical trials conducted in humans have used doses based on animal studies. 52 In the present review, all of the included studies used different doses of CFU, which range from 1 Â10 6 to 50 Â10 12 CFU. Although positive results were seen on gut microflora, endotoxemia, and HE in studies using doses from 1 Â 10 6 CFU 45 to 5 Â10 12 CFU, 43 no significant changes in HE were observed in 2 studies using a considerable number of CFU (1.25 Â10 12 CFU 41 and 50 Â10 12 CFU. 32 ) The method of delivery (yogurt vs. freeze-dried/ lyophilized bacteria) may have an impact on the survivability rates when passing through stomach acid and also on the viability to colonize the intestine. 52 In this review, all of the studies delivered probiotics in a freeze-dried state, except one that used a commercial yogurt (not currently available) 31 . However, only 4 studies 28, 32, 35, 45 reported a significant increase in the gut content of beneficial bacteria, mainly Lactobacillus and Bifidobacterium species; therefore, it cannot be assumed that probiotics survived and were able to colonize the gut in the other studies.
Not all probiotics have the same properties; certain species may offer different immunological and physiological effects. 52 Only 5 of the studies included in this review used singleprobiotic species: Bifidobacterium longum, 37, 38 Lactobacillus LG AT, 32 Escherichia coli Nissle, 28 and Lactobacillus acidophilus, 45 whereas the remaining studies included a combination of different probiotic species, mainly Lactobacillus, Bifidobacterium, and Streptococcus; consequently, the significant changes observed in the single-probiotic studies can be attributed to those particular species, whereas in the rest of the studies the combination of different probiotics species might have had a synergistic beneficial effect on the host gut microflora.
The main strengths of the present systematic review and meta-analysis are as follows: (1) the literature search was conducted according to the PRISMA guidelines, 23 which helped to improve the clarity and transparency of the systematic review; and (2) the bibliographic searching was performed in 4 different databases with specific and welldefined keywords and therefore it was considered an extensive and complete search. However, there are some limitations that need to be highlighted: (1) the methodological quality of most of the included RCTs was far from optimal. Lack of blinding, incomplete outcome data addressed and inconsistency (ie, statistical heterogeneity) were the quality assessment categories that contributed the most to this and influenced the results of the meta-analyses that were able to be performed; (2) the follow-up of almost all of the included trials was relatively short, which may limit the assessment of certain outcomes such as reversal of MHE and reduction of chronic inflammation, because both conditions have a more subtle course; and (3) sample sizes were small in the included trials, which also influenced the results of the possible meta-analysis performed and therefore caution should be taken when extrapolating the data to the general population with cirrhosis. Nevertheless, this is the first systematic review that provided for the first time valuable information regarding the efficacy of probiotics in improving the intestinal microflora, endotoxemia, and inflammation in patients with hepatic cirrhosis, which may have clinical significance in supporting this population.
In conclusion, findings of the present systematic review and meta-analysis have important clinical and research implications because they suggest that either probiotics or symbiotics could be an effective and well-tolerated alternative or complementary treatment to the standard therapy with lactulose to change the intestinal microflora and reduce endotoxemia and ammonia levels, and consequently to reverse MHE and prevent the development of OHE in patients with a stable stage of cirrhosis. Nevertheless, this review highlights the need for larger scale and high-quality RCTs with longer follow-ups to investigate the effect of probiotics and symbiotics in changes on gut microbiota, reduction of endotoxemia, inflammation and ammonia, prevention and/or reversal of HE, and improvement of quality of life. In addition, further research is needed to evaluate the efficacy, cost-effectiveness, and tolerance of probiotics and symbiotics compared with rifaximin and LOLA in the treatment of HE to recommend their alternative use in clinical practice.
